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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a ferromagnetic III-V group 
nitride which can be obtained by using a Ill-V group nitride (GaN, AIN, 
InN, and BN) that is transmissive to light, as well as a method for adjusting 
the ferromagnetic III-V group nitride by which its ferromagnetic 
characteristic can be adjusted. 

SOLUTION: The III group elements of a IIl-V group nitride are displaced 
by at least one kind of transition metals which is selected from a group 
consisting of V, Cr and Mn, and a mixed crystal is formed as a result. Its 
ferromagnetic characteristic is adjusted by adding other anti-ferromagnetic 
transition metals such as Ti, Fe, Co, Ni, Cu, Rh, or Ru, etc., adding a 
dopant, or adjusting the concentration of the transition metals. 
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CLAIMS 



[Claim(s)] ~~" 
[Claim 1] The single crystal ferromagnetism-V group system nitride to which at least one sort of transition metals chosen 
from the group which consists of V, and Cr or Mn replace an III group element, form mixed crystal, and are characterized by 
the bird clapper in the III-V group system nitride chosen from the group which consists of GaN, AIN and InN or BN 
Claim 2] Furthemiore, the ferromagnetic III-V group system nitride according to claim I to which the transition metals of at 
least one sort of others which are chosen from the group which consists of Ti, Fe, Co, nickel, Cu, and Rh or Ru form mixed 
crystal, and are characterized by the bird clapper. 

[Claim 3] The ferromagnetic III-V group system nitride according to claim I or 2 which at least n type dopant or p type 
dopant either is doped, and is characterized by the bird clapper. 

[Claim 4] To the III-V group system nitride chosen from the group which consists of GaN, AIN, and InN or BN (I) V and at 
least one sort of transition-metals elements chosen from the group which consists of Cr or Mn (2) The transition-metals 
element of the above (I), And the transition-metals element of at least one sort of others chosen from the group which consists 
of Ti, Fe, Co, nickel, Cu, and Rh or Ru or (3) The above (I) or (2) transition-metals elements, Even if there are few n type 
dopants or p type dopants, on the other hand, it adds whether it is ********. The above (1), (2), or the adjustment method of 
the ferromagnetic property of the ferromagnetic III-V group system nitride characterized by adjusting a ferromagnetic 
property and/or a ferromagnetic transition temperature by adjustment of the addition concentration of the element of (3) 
Claim 5] To the III-V group system nitride chosen from the group which consists of GaN, AIN, and InN or BN (1 ) V and at 
least one sort of transition-metals elements chosen from the group which consists of Cr or Mn (2) The transition-metals 
element of the above (1), And Ti, Fe, Co, nickel, Cu, the transition-metals element of at least one sort of others chosen from 
the group which consists of Rh or Ru, The adjustment method of the ferromagnetic property of the ferromagnetic IIl-V srouo 

system nitride characterized by adding whether it is *** and adjusting a ferromagnetic property and/or a ferromagnetic 

transition temperature with the combination of these addition metallic elements >- f ^ e 

[Claim 6] The adjustment method according to claim 4 or 5 characterized by stabilizing a ferromagnetic state by reducing a 
total energy by the kinetic energy by the hole or electron introduced by this metallic element itself while carrying out mixed 
ciystal of the transition-metals element of the above (2) and adjusting a ferromagnetic energy state 

[Claim 7] The adjustment method according to claim 4 or 5 characterized by stabilizing a ferromagnetic state by carrying out 
hrl"^'?, / tra"^';'«"-"^etals element of the above (2), and controlling the size and sign of a magnetic interaction 
between metal atoms by the hole or electron introduced by the metallic element itself [ this ] 

[Claim 8] The adjustment method according to claim 4 or 5 characterized by considering as the fen-omagnetic Ill-V group 
nitnde which has a desired light-filter property by carrying out mixed crystal of the transition-metals element of the above (2) 
and controlling the transparency property of the light by the mixed crystal of this metallic element by it while controlling the 
s^ze and sign of a magnetic interaction between metal atoms by the hole or electron introduced by the metallic element iteelf 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the adjustment method of the ferromagnetic property 
of the ferromagnetic IIl-V group system nitride of the single crystal which made the ferromagnetic property realize in the 
III-V group system nitride which penetrates light, and this compound h f j 

[0002] 

[Description of the Prior Art] If the ferromagnetic thin film of a single crystal which has a ferromagnetic high property is 
obtamed penetrating light, the high-density magnetic recording by an optical isolator and light required for a lot of 
communication of information becomes possible, and can produce an electronic magnetic adjuster required for future 
m?n".'i'x.'rT"''^^^''^'"*"''™'*'°"- "Therefore, material which penetrates light and has ferromagnetism is desired 
[0003] The band gap (Eg) greatly a 111-V group system nitride [GaN (Eg=3.3eV), While having the property to also penetrate 
he light of ukraviolet wavelength from AIN (Eg=6.4eV), BN (Eg=6.4eV)], and red The binding energy of the exciton is 
large, and if ferromagnetism is acquired with this material, the big development for optical device production of the photon 
computer using the coherent spin state etc. is expected. 

[0004] However, there is no example of the ferromagnetic state which doped transition metals to the III-V group system 
nitride conventionally, and realization of the ferromagnetic state of a III-V group system nitride with a ferromagnetic hi«h 
transition temperature beyond a room temperature (Curie point) is not reported " 
[0005] *^ 

[Problem(s) to be Solved by the Invention] As mentioned above, if the ferromagnetic property stabilized using the Ill-V croup 
system nitride is acquired, the compound can be used combining light emitting devices, such as semiconductor laser which the 
binding energy of an exciton becomes from a large Ill-V group system nitride, or the light reflecting the magnetic state which 
carried out the circular polarization of light can be generated, and a use will benefit very large the magneto-optics spin device 
development using the magneto-optical effect. & f ucvicc 

[0006] Furthermore, the above light is irradiated, and when it constitutes ferromagnetic memory by changing a magnetization 
v t! ''"^^^'f '^''^^^^ ^e«'"g ^ ferromagnetic transition temperature (Curie temperature) as temperature (temperature 
slightly higher than a room temperature) which changes with irradiation of light etc. so that a ferromagnetic property may turn 
into a desired property. f f j j >• 

[0007] this invention was made in view of such a situation, and aims at offering the ferromagnetic III-V group system nitride 
trom which ferromagnetism is acquired using the III-V group system nitride which penetrates light 
0008] Other purposes of this invention are to offer the method of adjusting the ferromagnetic property of a ferromagnetic 
III-V group system nitride that it hits creating a ferromagnetic IIl-V group system nitride, for example, the ferromagnetic 
properties, such as a ferromagnetic transition temperature, can be adiusted 
[0009] 

[Means for Solving the Problem] This invention persons use a Ill-V group system nitride with the wideband gap for which it 
was suitable especially as a material which penetrates light. In order to obtain the single crystal which has a ferromagnetic 
property, as a result of repeating examination wholeheartedly, transition-metals elements, such as V, Cr, and Mn About f of 
Oa or aluminum ] 25at% is replaced at low temperature by the non-balancing crystal-growth method (making it 
mixed-crystal-ize) and a single crystal is fully obtained also for **, If mixed crystal of V, Cr, and Mn is carried out to a 111-V 
group system nitride semiconductor, by what (an electron is increased or it reduces) a hole or an electron is doped for by 
change of an electronic state By carrying out mixed crystal of that ferromagnetism is acquired, V, Cr, Mn etc to a 111-V 
group system nitride it found out that it could change into the ferromagnetic state stabilized only by carrying out mixed crystal 
of the metal simple substance of these by finding out that the effect same with having added the hole into d electron is 
mm m ' Tz ^ "1"^ ^'"''"P '^'^"^ "'^"''^ mixed-crystal-ize transition-metals elements, such as V, Cr, and Mn 

lUUIOJ and the result to which this invention persons repeated examination ftirther wholeheartedly - fransition-metals 
elements, such as V, Cr, and Mn, -- electron spin s= - by being in high spin state with 1 , 3/2, and adjusting the concentration 
and the niixed rate of these transition-metals elements, it is the single crystal nature which has desired magnetic properties 
and found out that a ferromagnetic Ill-V group system nitride was obtained [2 and 2] h h 

[001 1] Namely, by changing the concentration of a transition-metals element, making it these two or more kinds of 
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combination and the mixed crystal which changed the rate, or adding n type and/or a p type dopant Energy of that it can carry 
out adjustable [ of the ferromagnetic transition temperature ], that a ferromagnetic state may be stabilized from 
antiferromagnetism or a paramagnetism state, and its ferromagnetic state (for example, although it becomes 
antiferromagnetism with few differences) Usually, it found out that desired filter ability could be given by the minimum 
transmitted wave length's changing with that the energy which maintains a ferromagnetic state can be adjusted and 
transition-metals elements, and carrying out mixed crystal of the two or more kinds alternatively. 

[0012] In a III-V group system nitride, at least one sort of transition metals chosen from the group which consists of V and Cr 

mm u ^ ^"'^ *^ ferromagnetic lll-V group system nitride by this invention forms mixed crystal 

X, l^x", f ^""^ ^''^'"P'* '^'''^ ^ '"-^ ^^"P ^yst^"' "'^"''e Ga, aluminum, and In or B here, they are 

OaN, AIN, InN, and BN. 

[0014] Even if an III group element and ionic radii, such as Ga, aluminum, and In, replace the above-mentioned 
transition-metals element to 25at% grade at low temperature by near and the non-balancing crystal-growth method 
comparatively, while maintaining the single crystal of the Ur Die Zeit type structure by making it this composition, a property 
ferromagnetic with the Ur Die Zeit type structure is presented maintaining the transparency 

[0015] When at least one sort of metals chosen from the group which consists of the aforementioned transition-metals element 
and Ti, Fe, Co, nickel, Cu, and Rh or Ru contain, the states of d electron of the metallic element can differ respectively a 
ferromagnetic property can change directly rather than it dopes a hole or an electron, and ferromagnetic properties such as a 
ferromagnetic transition temperature, can be adjusted. 

[0016] Although a dopant is not so direct as the influence of [ between transition-metals elements ] in order to go into the 
parent of a IH-V group system nitride even if either [ at least ] n type dopant or p type dopant is doped, it acts on d electron 
near a lll-V group system nitride, a hole or an electron is changed, and the ferromagnetic property can be adjusted 
[0017] The adjustment method of the ferromagnetic property of the lll-V group system nitride by this invention To the III-V 
group system nitride chosen from the group which consists of GaN, AIN, and InN or BN (I) V and at least one sort of 

!?^"^a"Tu"^^*^'^ ^'^"^^"'^ ^'■°"P '^^''^'^ (2) The transition-metals element of the above 

(1), And the transition-metals element of at least one sort of others chosen from the group which consists of Ti Fe Co nickel 
S.Ti?*' f '^^^ ^^"""^ transition-metals elements, At least, on the other hand, it adds whether it is 

and IS characterized by the thing of n type dopant or p type dopant for which adjustment of the addition 
concentration of the element of the above (1), (2), or (3) adjusts a ferromagnetic property and/or a ferromagnetic transition 
temperature. 

[0018] To moreover, the Ill-V group system nitride chosen from the group which consists of GaN, AIN and InN or BN (1) V 
and at least one sort of transition-metals elements chosen from the group which consists of Cr or Mn (2) The transition-metals 
element of the above (I), And Ti, Fe, Co, nickel, Cu, the transition-metals element of at least one sort of others chosen from 
the group which consists of Rh or Ru, It adds whether it is ******** and is characterized by adjusting a ferromaonetic 
property and/or a ferromagnetic transition temperature with the combination of these addition metallic elements " 
[0019] Moreover, while carrying out mixed crystal of the metallic element listed above (2) and adjusting ferromaanetic 
energy, a ferromagnetic state can be stabilized by reducing a total energy by the kinetic energy by the hole or electron 
introduced by the metallic element itself [ this ]. 

[0020] Moreover, a ferromagnetic state can be stabilized by carrying out mixed crystal of the metallic element listed above 
(I), and controlling the size and sign of a magnetic interaction between metal atoms by the hole or electron introduced with 
the transition-metals element itself 

[0021] Furthermore, it can consider as the ferromagnetic III-V group system nitride which has a desired light-filter property 
by carrying out mixed crystal of the metallic element listed above (2), and controlling the transparency property of the light by 
the mixed crystal of a transition-metals element, while controlling the size and sign of a magnetic interaction between metal 
atoms by the hole or electron introduced with the transition-metals element itself 
[0022] 

[Embodiments of the Invention] Next, the adjustment method of the ferromagnetic Ill-V group system nitride by this 
invention and its ferromagnetic property is explained, referring to a drawing. At least one sort of transition metals chosen 
from the group which consists of V, and Cr or Mn replace the III group element of a III-V group system nitride, and the 
terromagnetic III-V group system nitride by this invention forms mixed crystal. 

[0023] As mentioned above, this invention persons repeated examination wholeheartedly, in order to obtain a ferromagnetic 
material using a III-V group system nitride. Consequently, when 3d electron carried out a decrease from Fe which shows an 
antiferromagnetism spin-glass state, the transition-metals element of** found out that all showed ferromagnetism only by 
canying out mixed crystal only of V, and Cr or Mn independently, as diflFerence ♦*£ of the total energy of an 
f"!' ,7T^Snetism spin-glass state and the total energy of a ferromagnetic state in GaN was shown in drawing 2 
[0024] injuring crystallinity and transparency, even if it shows ferromagnetism even several% and makes [many] it as a 
mixed-crysta rate to Ga of GaN, although the mixed-crystal rate shown in drawing 2 is an example (5, 1 0 1 5 20 and 25at%^ 
-- there is nothing - Iat% to I00at(s)% - if it is 5at(s)% - 25at% preferably, it will be easy to acquire sufficient ' 
ferromagnetism The number of these transition-metals elements does not need to be one, and they can carry out mixed crystal 
(alloying) of the two or more kinds so that it may mention later. j j ^ ^ly^ai 

[0025] In order to form the thin film of the GaN compound containing such a transition-metals element, MBE equipment as 
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Shows an outline to drawing 1 can be used. For example, it grows up a GaN compound to be the substrate electrode holder4 
in the 1.33x10 chamber 1 which can maintain the ultra-high vacuum of about -6Pa using MBE equipment the substrates 5 
such as SiC and sapphire, are installed and a substrate 5 can be heated at a heater 7. 

[0026] And cell 2a which paid the ingredients (source of the source) Ga of the element which constitutes the compound which 
grows so that it may counter with the substrate 5 held at the substrate electrode holder 4, The cell which put in 
transit.on-metals elements, such as V, Cr, and Mn, (although only one piece is shown) When [ two or more 1 carryin" out 
mixed ctystal of the two or more kinds, RF radical cell 3a which generates cell 2d which put in Mg of cell 2c which put in Si 
ot 2b prepared and n type dopant, germanium, O, etc., and p type dopant. Be, and C. and radical nitrogen N is prepared In 
addition, sohd-state raw materials, such as Ga and transition metals, can put in and heat the nitride of these metals in a cell 
and can also make it the shape of an atom. ' 
[0027] In addition, heating apparatus (not shown) is formed in each, the cells 2a-2d which put in a solid-state (simple 
substance) make the solid-state source the shape of an atom by heating, and are evaporated, and radical ceil 3a is activating 
them with the RF (RF) coil 8, as shown in drawing. ° 
[0028] As this Ga, a transition-metals element, and an n type dopant material, the solid-state source of 99 99999% of purity is 
made into the shape of an atom, and N2 of N+ or an excitation state uses N dyad or NH3 </SUB> activatin" it by the 
above-mentioned radical cell. In addition, Ga and a transition-metals element can also be made into the shap^e of an atom by 
irradiating the electromagnetic wave of a microwave range at molecule gas. 

[0029] Si of n type dopant, and O, growing up GaN and by the 1.33x10 to 5 Pa flow rate The shape of an atom Me Be and C 
which is p type dopants furthermore, by 6.65x10 to 5 Pa Moreover, the GaN thin film 6 to which mixed crystal of V and Cr 

°lTn Z T "P '^^""P'"' transition-metals element of V, and Cr or Mn 

at 350-800 degrees C, passing on a substrate 5 simultaneously by 1.33x10 to 5 Pa. Although the example which dopes n type 
dopant and p type dopant explains in the above explanation, the example of above-mentioned drawing 2 and Table I and 2 
which are mentioned later is an example which doped only V, and Cr or Mn without doping any dopant 
[0030] Thus, as the GaN thin film to which mixed crystal of V, and Cr or Mn was carried out is shown in drawins? 2 it turns 
out that V, and Cr or Mn has respectively difference **E of the total energy of an antiferromagnetism spin-glass state, and the 
total energy of a ferromagnetic state as large as 2.04xl3.6meV, 2.57xl3.6meV, and 0.55xl3.6meV and shows 
ferromagnetism. In addition, the data of drawing 2 are data based on the first principle calculation (it carries out a simulation 
using the atomic number as an input parameter), and have shown the concentration dependency of each transition metals Fe ' 
Co, and nickel serve as antiferromagnetism spin glass. 

[0031] In this example, although the transition-metals element was doped to the GaN compound, by the III-V grouo system 
nitride which a part of Ga of GaN replaced by other III group elements, such as aluminum and B, moreover, the size of a band 
gap is controllable, and it is the same structure as GaN, and since it is only that band gaps differ, a ferromagnetic single 
crystal is obtained similarly. ° ° 

[0032] According to the ferromagnetic GaN system compound of this invention, in order to carry out mixed crystal of the 
^^^l r;Tt same ionic radius to Ga, Ga3+ is replaced by V2+ of a transition-metals element 

Cr2+, Mn2+ etc., and maintains the Ur Die Zeit type structure. And V, and Cr or Mn has the electronic structure which a hole 
increases, and as shown in drawing 2 , it is stabilized in the state of ferromagnetism in the state with this And as this 
ferromagnetic GaN is shown also in Table 1 and 2 mentioned later, the magnetic moment is large, a Cr content GaN system 
compound with the magnetic moment of 2.94x9.274 J/T (2.94microB (Bohr magneton)) is obtained, and a powerful magnetic 
ferromagnetic magnet is obtained very much. In addition, drawing 6 is the electronic state density of V in GaN, and shows the 
^iTf^Tr ^^'''P^^'i'P"'' spin is semiconductor at metal) state. Moreover, drawing 7 is the electronic state 

SS^x, ? 'u ' ft ""^"^ "P^^""^ ''P'"' downward spin is semiconductor at metal) state 

100.3] Next, change of the magnetic properties by changing the concentration of V, and Cr or Mn was investigated Although 
the above-mentioned trans.tion-metals element of 25at% concentration was made to contain, that whose concentration is 
otherwise 5, 10, 15, and 20at% was produced, and each magnetic moment (x9.247J/T) and a ferromagnetic transition 
S^™"^?. investigated. The magnetic moment and a ferromagnetic transition temperature are obtained 
Si^Trre S) ^"^'=^P^'"'"'^y ^Q""^ (superconducting quantum interference device; superconducting quantum 

SJ*''/?' "1' K "^^^ ^""^ ^ ferromagnetic transition temperature to rise in a 

Ti^nt iT .^''"''f larger concentration being high) is seen, and it increases from Table 1 and 2 in proportion 
in • K r'''^"'^''^' drawings . Moreover, it turns out that the ferromagnetic-like 

interaction between spin also increases with the increase in transition-metals element concentration. 

[Table 1] 
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mm 






m.& (St K) 


V 


5 


1.05 


90 


Cr 


5 


2.85 


160 


Mn 


5 


4.00 


110 


[0036] 
Table 2] 










mm 






m.mist K) 


V 


25 


1.88 


690 


Cr 


25 


2.94 


860 


Mn 


25 


3.96 


-280 



[0037] as mentioned above, V, and Cr or Mn - electron spin s= - it turns out that it will be in high spin state with 1 , 3/2, and 
the ferromagnetism interaction between spin and a ferromagnetic transition temperature can be adjusted, and it can control by 
changing the concentration clearly [ this Table 1 and 2 and a row ] also from drawing 3 [ 2 and 2 ] In addition, as for a 
ferromagnetic transition temperature, it is desirable practically to make it become 300 degrees K or more. 
[0038] Furthermore, this invention persons found out that each magnetic properties could be made to have while being able to 
adjust the state of a hole or an electron by carrying out one or more sort mixed crystal of the transition-metals element of the 
antiferromagnetism of at least one sort and others of V, and Cr or Mn. For example, mixed crystal of the Fe of other 
antiferromagnetism was carried out to V, Cr, or Mn, Cr, and Fe, Mn and Fe were made into 25 in all at(s)%, and x of 
V0.25-xFexGa0.75N was changed variously. [ V, Fe, and ] Consequently, as shown in drawing 4 , a ferromagnetic transition 
temperature can be changed a lot, and it can consider as 0 degree K by x= 0.12, and can be set as a desired ferromagnetic 
transition temperature by selecting the range of x=0-0. 12. 

[0039] moreover, Cr, and Mn and Fe - the same -- 25 in all at(s)% - mixed crystal can be carried out and x of 
Cr0.25-xFexGa0.75N or Mn0.25-xFexGa0.75N can be changed variously Moreover, although not illustrated, the magnetic 
moment according to both mixed rate is acquired also about the magnetic moment. 

[0040] Although the ferromagnetic property was changed by doping one or more sorts of transition-metals elements of the 
antiferromagnetism of at least one sort and others of V, and Cr or Mn, even if each above-mentioned example dopes n type 
dopant or p type dopant, it can change the amount of a hole or an electron similarly, and can change the ferromagnetic state. 
In this case, n type dopant or p type dopant is d of the transition-metals element which goes into the conduction band and 
valence band of GaN, and is near it. Although the dopant doped not necessarily is not acts altogether as it is in order to act on 
an electron, by acting on d electron, the ferromagnetic state is changed and change is also given to a ferromagnetic transition 
temperature. 

[0041] for example, the effect of adding Cr to Mn of the above-mentioned [ that the effect same with adding Fe further to V, 
above-mentioned Cr, and above-mentioned Mn is acquired and doping n type dopant, meaning supplying an electron and 
carrying out mixed crystal of V, Cr, or Mn by doping n type dopant dopes p type dopant with Mn ] and this appearance is 
acquired 

[0042] For example, the example which change of -(total energy of ferromagnetic state) =**E** by doping of n type dopant 
or p type dopant (an electron or hole) (total energy of an antiferromagnetism spin-glass state) made carry out mixed crystal of 
the remarkable Cr to GaN shows the relation of **E to the high impurity concentration (at%) when doping an impurity to 
drawing 5 . 

[0043] Thus, since ferromagnetism is stable with introduction of a hole and ferromagnetism disappears by the electronic dope 
on the other hand, the ferromagnetic property can be adjusted. Although transition-metals elements, such as V and Mn, show 
ferromagnetism from the first and there is no such big change like this between antiferromagnetism spin-glass states, the same 
ferromagnetic state can be changed and a ferromagnetic transition temperature can be adjusted. In addition, unlike the 
adjustment which carries out mixed crystal of the transition metals of the above-mentioned [ the adjustment by this dopant ], 
the magnetic moment itself maintains the value which becomes settled according to the kind of transition metals which carried 
out mixed crystal to GaN. 

[0044] As an n type dopant. Si, germanium, or O can be used and these nitrides can also be used as a raw material of doping. 
Moreover, as donor concentration, it is desirable that it is three or more [ 1x1018cm - ]. For example, if it dopes about 
1020- 102 1cm - ] to three, it is equivalent to about 1 - 10% of the above-mentioned mixed-crystal rate. Moreover, as a p type 
dopant, Mg, and Be or C can be used as mentioned above. In this case, although it is hard to dope p type dopant, p type 
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concentration can be enlarged by doping n type dopant slightly simultaneously. 

[0045] As a result of repeating examination further wholeheartedly, the transition metals which carry out mixed crystal to a 
HI-V group system nitride this invention persons by V, Cr, or Mn By the wavelength of the minimum to penetrate differing 
and carrying out one or more kind mixed crystal of the transition-metals element of at least one sort and others of V, Cr, or 
Mn The minimum wavelength of the light to penetrate could be adjusted and it found out that the light filter which cuts the 
light below desired wavelength could be formed. 

[0046] That is, the ferromagnetic III-V group system nitride which makes the light of desired wavelength penetrate is 
obtained. The minimum wavelength of the light penetrated when carrying out mixed crystal of V, Cr, or Mn to 25at%GaN 
became as it was shown in Table 3. 
[0047] 
[Table 3] 





S(at%) 


(nm) 


GaN : V 


25 


400 


OaN : Cr 


25 


390 


GaN :Mn 


25 


380 



That is, according to this example, a transparent ferromagnetic magnet can be obtained to the light of desired wavelength. 
[0048] As mentioned above, according to this invention, by the kinetic energy of the hole introduced by the metallic element 
itself by which mixed crystal is carried out, or an electron, a total energy can be changed, and since the hole or electron 
introduced so that the total energy may be reduced is adjusted, a ferromagnetic state can be stabilized. Moreover, the size and 
sign of a magnetic interaction between metal atoms can change with the holes or electrons which are introduced, and a 
ferromagnetic state can be stabilized by controlling these by the hole or electron. 

[0049] In the above-mentioned example, as a method of forming the thin film of a III-V group system nitride, although MBE 
(molecular beam epitaxy) equipment was used, membranes can be similarly formed with MOCVD (organic metalization study 
vapor growth) equipment. In this case, metallic materials, such as Ga, aluminum, and transition metals, are introduced in an 
MOCVD system as organometallic compounds, such as for example, a dimethyl gallium and dimethyl aluminum. If such an 
MBE method, the MOCVD method, etc. are used, membranes can be formed by non-equilibrium and a transition-metals 
element etc. can be doped by desired concentration. 

[0050] As a grown method of membrane formation, not only these methods but Ga nitride solid-state, aluminum nitride 
solid-state, and the solid-state of a transition-metals element metal can be used as a target, and a thin film can be formed also 
by the laser ablation method which forms membranes while spraying the activated dopant on a substrate. 
[0051] Furthermore, when doping a transition-metals element and its oxide as a raw material, the efficient consumer response 
plasma which carries out electronic excitation and which is made into the shape of an atom by the radio wave, laser, the 
X-ray, or the electron ray can also be used, n type dopant and p type dopant can use efficient consumer response plasma 
similarly. By using such efficient consumer response plasma, there is a merit that it can be made the shape of an atom and can 
dope to high concentration. 
[0052] 

[Effect of the Invention] According to this invention, only by making a Ill-V group system nitride contain at least one sort of 
V, and Cr or Mn By combining with ZnO, transparent conduction oxide (TCO), and optical fiber which are used as already 
realized n type and a p type transparent electrode, since a ferromagnetic single crystal is obtained It becomes applicable to the 
information communication highly efficient as an optoelectronics material ranging from the light to a quantum computer, a 
mass magneto-optic recording, and an ultraviolet region, and a quantum computer. 



[Translation done.] 
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